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Structure formation of chain molecules, such as n-
alkanes and polyethylene chains, has recently become the 
focus of attention in physics, chemistry, material science 
and biology. Since chain molecules show diverse static 
and dynamical structures, they have various mechanical 
and thermodynamical properties. Our purpose is to clar-
ify the mechanisms of structure formation of short chain 
molecules at the molecular level. To this end, we car-
ry out the molecular dynamics (MD) simulation of 100 
short chain molecules and analyze the formation process 
of the orientationally ordered structure and the molecu-
lar motion in the obtained ordered structure1)-3). 
The model chain molecule consists of 20 methy-
lene groups, which are treated as united atoms. The 
united atoms i~teract via bonded potentials (bond-
stretching, bond-bending and torsional potentials) and 
a non-bonded potential (12-6 Lennard-Jones potential). 
The atomic force field used here is the DREIDING 
potential4). We use the velocity Verlet algorithm and 
apply the Nose-Hoover method in order to keep the tem-
perature of the system constant. The total linear mo-
mentum and angular momentum are set to be zero in 
order to cancel overall translation and rotation of chain 
molecules. The MD simulations are carried out as fol-
lows. At first, we provide a randomly distributed config-
uration of 100 short chain molecules at high temperature 
(T = 700 K). The system is then quenched to T = 400 
K and subsequently it is cooled stepwise to T = 100 K 
with the rate of 100 K/2 ns. 
We show, in Fig. 1, the center-of-mass positions of in-
dividual chain molecules in the orientationally ordered 
structure at T = 400 K viewed along the chain axis (c-
axis). The a, band c axes respectively correspond to the 
crystalline a, b and c axes in the orthorhombic system. 
The ratio of the lattice constants alb takes the hexagonal 
value J3 at T = 400 K and decreases as the tempera-
ture decreases. This means that the transition from the 
hexagonal phase toward the orthorhombic phase takes 
place as the temperature decreases. 
In order to measure the extent of the molecular mo-
tion of chain molecules, we define the average fluctu-
ations along individual axes, ~a, ~b and ~c, in each 
layer 1. In Fig. 2, we show the average fluctuations ~a 
and ~c as a function of the layer number l at various 
temperatures. From Fig. 2( a), we find that the trans-
verse chain motion is not so dependent on the temper-
ature variation. By contrast, it is found from Fig. 2(b) 
that the longitudinal chain motion increases dramatical-
ly as the temperature increases. It is also found that 
the transverse chain motion as well as the longitudinal 
chain motion increases remarkably in the outer three 
layers (l = 4, 5 and 6). 
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Fig. 1. The center-of-mass positions of individual chain 
molecules at T = 400 K viewed along the c-axis. 
A figure in each layer denotes a layer number. 
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Fig. 2. Average fluctuation (a) along the a-axis ~a and 
(b) along the c-axis ~c versus layer number at 
various temperatures. 
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